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Gentlemen: 
T h i s  i s  t h e  Thi rd  Quar te r ly  S t a t u s  Report  on t h e  ex tens ion  
t o  NASA Cont rac t  NASr-65(12) (IITRI P r o j e c t  No. A6122), e n t i t l e d  
An Airborne Experiment t o  Determine Temperature V a r i a t i o n s  1 1  
Throughout t h e  S o l a r  Corona During t h e  E c l i p s e  of 12 November 
1966." 
u n t i l  31 December 1966. 
The pe r iod  covered i n  t h e  r e p o r t  is  from 1 October 1966 
The  work c a r r i e d  o u t  du r ing  t h e  pe r iod  
has  been devoted t o :  
(i) The i n s t a l l a t i o n  of  t h e  equipment i n  t h e  
NASA Convair 990, "Galileo". 
The checking out  of t h e  equipment i n  
f l i g h t  under s imulated e c l i p s e  c o n d i t i o n s .  
The s t a g i n g  of  t h e  e c l i p s e  e x p e d i t i o n  
and t h e  performance o f  t h e  e c l i p s e  
obse rva t ion .  
The  commencement of t h e  d a t a  a n a l y s i s .  
(ii) 
( i i i )  
( iv)  
I l T  R E S E A R C H  I N S T I T U T E  . 
Formerly Armour Research Foundation 





EQUIPMENT INSTALLATION ,I 
The  i n s t a l l a t i o n  of  t h e  equipment was s t a r t e d  on 
26 September 1966 and was f i n a l l y  completed a long  w i t h  t h e  
i n s t a l l a t i o n  of o t h e r  experimenters on 18 October 1966. 
F i g u r e  1 shows t h e  l o c a t i o n  of t h e  equipment i n  t h e  f l o o r  
p l a n  o f  G a l i l e o .  F igu res  2 and 3 a r e  photographs o f  t h e  
equipment a s  i n s t a l l e d  i n  t h e  a i r c r a f t .  The  i n s t a l l a t i o n  
was c a r r i e d  ou t  a t  Moffe t t  F i e l d ,  C a l i f o r n i a ,  w i t h  t h e  
t e c h n i c a l  a s s i s t a n c e  o f  NASA, Ames  Research Center  personnel .  
EQUIPMENT ALIGNMENT AND SIMULATION FLIGHTS 
I n i t i a l  a l ignment  of t h e  equipment was c a r r i e d  o u t  on t h e  
ground. The al ignment  c o n s i s t e d  of :  
( i )  O p t i c a l  alignment of t h e  h e l i o s t a t ,  t e l e s c o p e  
and i n t e r f e r o m e t e r s .  
( i i )  Reso lu t ion  check o f  t h e  i n t e r f e r o m e t e r s  
0 
us ing  an Hg h5461A source .  
For  t h e  f l i g h t  t e s t s  an  a u t o  c o l l i m a t i o n  check was 
performed a f t e r  each t ake -o f f  followed by a r e s o l u t i o n  check 
w i t h  t h e  Hg source .  
and i t  was observed t h a t  a no ise  c o n t r i b u t i o n  from t h e  a i r c r a f t  
The  equipment was i n  no way shock mounted 
v i b r a t i o n  was be ing  picked up a t  a frequency of  about  200 cps .  
T h i s  d i d  no t  p reven t  t h e  s a t i s f a c t o r y  o p e r a t i o n  o f  t h e  s y s t e m  
a s  t h e  f a s t e s t  scanning r a t e  was a f a c t o r  of 100 t i m e s  less 
than  t h e  frequency of  t h e  v i b r a t i o n .  
of  t h e  l i n e  p r o f i l e s  obtained i n  f l i g h t  on t h e  5461A Hg emission.  
F igu re  4 shows an example 
0 
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Fig .  2 Showing Opt i ca l  S y s t e m  (Le f t  s i d e  of A i r c r a f t )  
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F i g .  3 Showing E lec t ron ic  Amplifying and Recording 





Figure 4. Showing the  p r o f i l e s  of t he  Hg A5461A emission as 
measured by t h e  h5303A i n t e r f e romete r  immediately 
a f t e r  t he  e c l i p s e .  The d i f f e r e n t  apparent widths 
i n  the  two orders  i s  due t o  the  non- l inea r i ty  of  
t he  magnetos t r ic t ive  e f f e c t ,  This e f f e c t  i s  allowed 
f o r  i n  obta in ing  t h e  t r u e  l i n e  p r o f i l e .  The e f f e c t  
of no ise  i s  more apparent when observing such a narrow 
l i n e  compared t o  t h e  coronal  emission but a reasonable  
va lue  f o r  t h e  instrumental  func t ion  can s t i l l  be 
obta ined ,  v i z  :- 
P a r t  of t h e  t r a c e  has been ove rwr i t t en  t o  compensate 
f o r  t h e  poor reproduction q u a l i t y  of  t h e  d a t a  paper .  
I x 3 .2  = 0.13;; Lu Ah = a x FSR = m  
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For t h e  purposes of e c l i p s e  s imula t ion  dur ing  t h e  
p r a c t i c e  f l i g h t s ,  t h e  a i r c r a f t  w a s  flown t o  a l a t i t u d e  which 
pe rmi t t ed  t h e  sun ,  o r  on n i g h t  f l i g h t s  t h e  moon, t o  be observed 
a t ,  o r  n e a r ,  t h e  e c l i p s e  a l t i t u d e  of  70'. A curved p a t h  was 
flown f o r  a pe r iod  of about  1 5  minutes  w h i c h  maintained t h e  
r e l a t i v e  bea r ing  of t h e  sun  c o n s t a n t .  
of t h e  g y r o - s t a b i l i z e d  h e l i o s t a t  was checked dur ing  t h i s  t i m e  
and a 5 minute t o t a l i t y  s imula t ion  was counted o f f  dur ing  w h i c h  
The i n - f l i g h t  d r i f t  r a t e  
t i m e  obse rve r s  c a r r i e d  o u t  t h e i r  e c l i p s e  d r i l l s .  
I n  a l l ,  two day and two n i g h t  f l i g h t s  w e r e  c a r r i e d  
o u t  from Mof fe t t  F i e l d .  
( i i i )  On Wednesday, 2 November 1966, G a l i l e o  w i t h  
about 40 exper imenters ,  crew and suppor t  personnel  on board,  
depa r t ed  Moffe t t  F i e l d  f o r  Por to  Alegre ,  B r a z i l  v i a  San Juan ,  
Pue r to  Rico. 
3 November 1966 and du r ing  t h e  i n t e r v a l  u n t i l  e c l i p s e  day, 
The  e x p e d i t i o n  a r r i v e d  a t  Po r to  Alegre on 
12 November 1966, c a r r i e d  o u t  t h r e e  more nav iga t ion  and 
p r a c t i c e  f l i g h t s .  
On t h e  e c l i p s e  f l i g h t  on 1 2  November 1966, G a l i l e o  
i n t e r c e p t e d  t h e  umbra a t  14h 16m 57s U.T.,  a t  a p o s i t i o n  34" 
26 '  South,  49" 51'  West. T o t a l i t y  l a s t e d  f o r  206 seconds.  
During t o t a l i t y  l i n e  p r o f i l e s  of t h e  h5303A, Fe X I V ,  emission 
w e r e  recorded.  The back up i n t e r f e r o m e t e r  w h i c h  was a r ranged  
t o  measure t h e  h6374A, Fe X ,  emission developed a mal func t ion  
s h o r t l y  b e f o r e  t o t a l i t y  and no t r a c e s  of t h e  h6374A l i n e  w e r e  
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*. observed on t h e  o s c i l l o s c o p e  screen  shown i n  F igu re  3 and 
a m p l i f i e r  g a i n s  were a d j u s t e d ,  when r e q u i r e d ,  t o  main ta in  t h e  
s i g n a l  w i t h i n  predetermined l i m i t s .  
0 
A p re l imina ry  in spec t ion  o f  t h e  h5303A d a t a  shows 
t h a t  emission p r o f i l e s  were obtained o u t  t o  about  1.5 s o l a r  
r a d i i  on t h e  s p e c t r a l  scanning r a t e  of  t w o  p e r  second. 
1 . 5  s o l a r  r a d i i  t h e  s i g n a l  l e v e l  was cons idered  t o  be t o o  low 
A t  
compared t o  t h e  n o i s e  and a slow scan  procedure was begun. 
t h e  slow scan  procedure e l e c t r o n i c  damping was employed t o  
reduce t h e  n o i s e  level .  A scan r a t e  of  about  one scan  p e r  
t h r e e  o f  f o u r  seconds allowed t h e  emission l i n e  t o  be observed 
o u t  t o  1.8 s o l a r  r a d i i .  
i n  t h e  corona w a s  maintained c l o s e  t o  P o s i t i o n  Angle 90" f o r  
t h e  d i f f e r e n t  displacements  from t h e  s u n ' s  c e n t e r .  F igu re  5 
shows an  example of  t h e  r a w  da t a  ob ta inea  on t h e  scanning r a t e  
of  2 s c a n  p e r  second. F igu re  6 shows an  example of t h e  raw 
I n  
During t h e  s l o w  scans  t h e  look  d i r e c t i o n  
d a t a  ob ta ined  a t  a scanning r a t e  of one scan p e r  3 seconds.  
0 
The a n a l y s i s  of  t h e  d a t a  obta ined  on t h e  h5303A 
emiss ion  w i l l  t a k e  s e v e r a l  months. When completed about  
30 tempera tures  w i l l  be evaluated a t  v a r i o u s  P o s i t i o n  Angles 
o u t  t o  1 . 5  s o l a r  r a d i i  and about 15 a d d i t i o n a l  tempera tures  
o u t  t o  about  1.8 s o l a r  r a d i i ,  near  t o  P o s i t i o n  Angle 90' .  
a n a l y s i s  procedure r equ i r ed  has been o u t l i n e d  i n  a proposa l  
submi t ted  t o  NASA, Off ice  of Space Sc ience  and App l i ca t ions  
(IITRI Proposa l  No. 67-3418). 
The  
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Figure  5. Showing r a w  d a t a  obtained a t  a scanning r a t e  of  2 
scans  per  second. 
about 1.1 s o l a r  r a d i i  from t h e  s u n ' s  c e n t e r .  I d e n t i f i c a t i o n  
of  channels is:- 
a - s p a r e  channel;  b - A5303 emission;  c - A5303 
emission. 
T h i s  record  p e r t a i n s  t o  a reg ion  
Channels b and c record t h e  ou tpu t  of t h e  A5303 a m p l i f i e r  
w i th  a r a t i o  of 2 : l  in  ampli tude.  
d - corona p o s i t i o n a l  r e f e r e n c e  channel ;  e - c u r r e n t  
through i n t e r f e r o m e t e r s ;  f and g - A6374 emission 
records .  (This i n t e r f e romete r  f a i l e d  t o  o p e r a t e  
du r ing  e c l i p s e . )  
Curves c ,  d and e have been o v e r w r i t t e n  t o  compensate 






. Figure  6. Showing raw da ta  f o r  a scanning r a t e  of 
about  3 seconds pe r  f r e e  s p e c t r a l  range 
(3&2A).  The curves a r e  l abe led  a s  i n  
F igu re  1. Curves c , d  and e have been 
ove rwr i t t en  t o  coun te rac t  t h e  poor 
reproduct ion  q u a l i t y  of t h e  o r i g i n a l  
record .  
The emission shown on curves b and c 
corresponds t o  a reg ion  of t h e  corona 
a t  1-6 solar r a d i i  from t h e  s u n ' s  c e n t e r  
a t  p o s i t i o n  angle  90' .  The p r o f i l e  of c 
w i l l  a l t e r  when e,  t h e  scanning c u r r e n t ,  
has been l i n e a r i z e d .  
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I n  summary, t h i s  r e p o r t  has desc r ibed  t h e  f i n a l  p repara-  
t i o n s  f o r  t h e  e c l i p s e  expedi t ion  and t h e  s u c c e s s f u l  a c q u i s i t i o n  
of e c l i p s e  d a t a .  I I T  Research I n s t i t u t e  a p p r e c i a t e s  t h e  
i n t e r e s t  o f  t h e  S o l a r  Phys ics  Branch of NASA, O f f i c e  Space 
Sc ience  and App l i ca t ions  and i t s  cont inued suppor t  o f  t h i s  
r e s e a r c h  i n t o  t h e  phys ics  of t h e  s o l a r  corona. 
Respec t fu l ly  submi t ted ,  
I I T  RESEARCH INSTITUTE 
Research P h y s i c i s t  
Op t i c s  Research 
C.  W. Terrel l  
Direct o r  
Phys ic s  Research 
GH: ew 








Technical Reports Officer 
Office of Grants and Research Contracts 
Office of Space Science and Applications 
National Aeronautics and Space Administration 
Washington, D. C. 20546 
IIT Research Institute 
J. J. Brophy 
IIT Research Institute 
C. W. Terrell 
IIT Research Institute 
T. R. Plonis 
IIT Research Institute 
Optics File 
I I T  R E S E A R C H  I N S T I T U T E  
1 2  
